acterized by expression of Pax6 and/or Islet1, which includes the central amygdala in different species; (3) a pallidal part, characterized by expression of Nkx2.1 and, in amniotes, Lhx6, which includes part of the medial amygdala, and (4) a hypothalamic part (derived from the supraoptoparaventricular domain or SPV), characterized by Otp and/or Lhx5 expression, which produces an important subpopulation of cells of the medial extended amygdala (medial amygdala and/or medial bed nucleus of the stria terminalis). Importantly, the size of the SPV domain increases upon reduction or lack of Nkx2.1 function in the hypothalamus. It appears that Nkx2.1 expression was downregulated in the alar hypothalamus during evolution to mammals, which may have produced an enlargement of SPV and the amygdalar cell subpopulation derived from it.
A9/A10 A9 and A10 dopaminergic cell groups (substantia nigra and ventral tegmental area)
subdivisions show different relative sizes and complexities in different groups, and this is often correlated to differences in behavior and ecological adaptations of different vertebrate classes, orders, families, and/or species [Striedter, 2005] . The most rostral or anterior part of the brain, called the forebrain, shows the largest relative size and complexity in mammals and sauropsids and is considered responsible for the high cognitive abilities and the sophisticated and ample repertoire of behaviors that characterize these groups. During development, the forebrain is subdivided into the diencephalic vesicle (giving rise to the thalamus, pretectum, and other structures) and the secondary prosencephalon (giving rise to the hypothalamus, the optic vesicle, and the telencephalon) ( fig. 1 ) [Puelles et al., 1987 Puelles, 2001a; Medina, 2008a] . Again, these different forebrain divisions and their subdivisions show important differences in mammals versus sauropsids as well as between species inside each group [Striedter, 2005] . For example, the collothalamus (receiving collicular sensory input) and its targets in the telencephalic pallium are quite large and elaborated in sauropsids, while the lemnothalamus (receiving lemniscal sensory input) and its targets in the pallium/cerebral cortex show the largest size in mammals [Butler, 1994a, b; Medina and Reiner, 2000; Puelles, 2001b; Medina, 2007b; Medina and Abellán, 2009 ]. It appears that these brain differences were produced in evolution as a consequence of changes in developmental mechanisms [Carroll et al., 2001; Puelles and Medina, 2002; Medina, 2007a Medina, , 2008a Striedter and Charvet, 2008; Charvet and Striedter, 2009a, b; Medina and Abellan, 2009] . This has led to the use of an evo-devo approach for understanding the developmental mechanisms that underlie the evolution of body and brain design. With this approach in mind, here we will review data on the development of the forebrain in different vertebrates, and we will try to identify common developmental patterns underlying conservation as well as aspects and possible mechanisms that may be responsible for evolutionary changes. Among the developmental data analyzed, we will pay especial attention to the genoarchitecture (term recently coined by Fer- ran et al. [2007, 2009] ), i.e. combinatorial expression patterns of developmental regulatory genes within the topological framework of the neural tube that help to identify the same basic embryonic divisions or fields in the central nervous system of different vertebrates, which is useful for correlation and interpretation of other developmental data (such as fate mapping or the phenotype of a knockout animal for a specific gene) and for understanding the degree of conservation and variation of adult field-homologous structures [Puelles and Medina, 2002; Medina, 2007a] . It is important to emphasize that our genoarchitectonic analysis relies on the identification of domains with specific topological positions within the neural tube that are characterized by a specific molecular code (this is a combinatorial expression pattern of key regulatory genes, such as genes encoding transcription factors that play important roles in development). Therefore, using single genes or combinations of genes for identifying homologous structures disregarding the topological framework of the neural tube often leads to erroneous interpretations. We will focus on the amygdala, a telencephalic center involved in the control of emotions and social behavior that has been found at least in all tetrapods [reviews by Moreno and González, 2006; Martínez-García et al., 2007] ; its development has been investigated in depth using genetic and fate map tools in recent years [Puelles et al., 2000; Medina et al., 2004; Remedios et al., 2004 Remedios et al., , 2007 Tole et al., 2005; Moreno and González, 2007a, b; Medina, 2008, 2009; García-López et al., 2008; Moreno et al., 2008a Moreno et al., , b, 2009 Abellán et al., , 2010 Hirata et al., 2009; Soma et al., 2009; García-Moreno et al., 2010; Waclaw et al., 2010; Bupesh et al., 2011a, b] . Since the amygdala in different tetrapods also appears to include neurons derived from extratelencephalic domains [Bardet et al., 2008; Abellán et al., 2010; García-Moreno et al., 2010] , we will start with a brief summary of some aspects of forebrain development that help to understand its basic divisions and organization.
Basic Organization and Development of the Forebrain
As noted above, the forebrain is transversally subdivided during development into the diencephalic vesicle (or diencephalon proper) caudally and the secondary prosencephalon rostrally ( fig. 1 ). Like other parts of the neural tube, the forebrain and its major transversal subdivisions are further subdivided into at least 4 main longitudinal zones which from dorsal to ventral are named roof, alar, basal, and floor plates Rubenstein, 1993, 2003; Puelles, 2001a; Puelles et al., 2004 Puelles et al., , 2007 . This results in a neural tube with multiple subdivisions along the rostrocaudal and dorsoventral axis, each being characterized by: (1) a specific location in the bidimensional coordinate diagram (topological framework) of the tube, (2) expression of a specific combination of developmental regulatory genes, and (3) production of specific cell groups (refer to publications cited above for details). In each hemisphere, the secondary prosencephalon produces the hypothalamus ventrally, the optic vesicle laterally, and the telencephalon dorsally. The diencephalon produces the pretectum, epithalamus, thalamus, prethalamus, and thalamic (or prethalamic) eminence dorsally, and several prerubral and retromammillary areas ventrally, including the diencephalic parts of the A9 and A10 dopaminergic cell groups ( fig. 1 ) [Puelles et al., 1987 García-López et al., 2004; Ferran et al., 2007 Ferran et al., , 2009 Smidt and Burbach, 2007; Medina, 2008a, b] . Abundant developmental data on chemo-and genoarchitecture and fate mapping support this general scheme in different vertebrates, including fishes [Murakami et al., 2001; Wullimann and Mueller, 2004; Osorio et al., 2005; Mueller et al., 2006 Mueller et al., , 2008 Mueller and Wullimann, 2009; Pombal et al., 2009; Martinez-de-la-Torre et al., 2010] , amphibians [Bachy et al., 2001 [Bachy et al., , 2002 Brox et al., 2003 Brox et al., , 2004 Moreno et al., 2004 Moreno et al., , 2008a van den Akker et al., 2008] , sauropsids [Puelles et al., 1987 [Puelles et al., , 2000 Cobos et al., 2001; García-López et al., 2004] , and mammals [Puelles and Rubenstein, 1993; Shimamura et al., 1995 Rubenstein et al., 1998; Puelles et al., 2000 Puelles et al., , 2004 . For example, in all vertebrates studied thus far, from jawless fishes to mammals, the alar forebrain region expresses the transcription factor Pax6 during development while the basal plate expresses Nk2 family transcription factors, such as Nkx2.1 and Nkx2.2 [Stoykova and Gruss, 1994; Fernandez et al., 1998; Sussel et al., 1999; Puelles et al., 2000; Murakami et al., 2001; Bachy et al., 2002; Moreno et al., 2008b; van den Akker et al., 2008] . These and other regulatory genes such as Sonic hedgehog help to distinguish the alar-basal boundary and the longitudinal axis, which is markedly or strongly bended, particularly in sauropsids and mammals, due to the extraordinary growth of the alar regions. It is important to remark that the regulatory genes on which the forebrain organization proposal rests have been shown to play key roles in different aspects of development that include patterning and specification of different progenitor zones, neurogenesis, and cellular differentiation [e.g. reviews by Wilson and Ru-benstein, 2000; Wilson and Houart, 2004; Lupo et al., 2006] . However, except in a few instances, we will not explain the functions of these genes since it is beyond the aim of this article.
The forebrain and its major subdivisions have already been evidenced at neural plate stages by gene expression patterns and fate mapping studies [Rubenstein et al., 1998; Wilson and Rubenstein, 2000; Cobos et al., 2001; Puelles et al., 2004; Sánchez-Arrones et al., 2009] . Molecular signals from the anterior neural ridge (ANR; a secondary organizer located at the anterior end of the plate) are very important for the rostrocaudal parcellation of the forebrain and for later developmental events [Wilson and Houart, 2004; Medina, 2008a; Medina and Abellán, 2009] . The earliest ANR signals include antagonists of Wnt proteins (secreted Frizzled-related proteins) such as Tlc, which are opposed to Wnt proteins produced in the caudal forebrain [Wilson and Houart, 2004] . Wnt proteins caudalize the forebrain (forming the diencephalon proper, sometimes referred to as the caudal diencephalon), whereas Wnt antagonists produced at the ANR are important for the formation of the rostral forebrain, including the telencephalon, eye field, and hypothalamus. Zebrafish embryos that carry a mutation affecting the intracellular Wnt pathway ( Masterblind mutants) show loss of telencephalon and eyes, and expansion of the diencephalon proper to the front of the neural plate. Studies in frogs (the anuran Xenopus ), chicks, and mice also support that Wnt signals promote posterior forebrain fates (diencephalon proper) but suppress anterior forebrain fates [Wilson and Houart, 2004] . Under the influence of ANR signals, the rostral forebrain shows low Wnt activity and, in this condition, starts to express the transcription factor Sine-oculis (Six; in particular Six3 and related proteins), which is extremely important for rostral forebrain formation [Wilson and Houart, 2004] . Removal of the ANR (the source of Wnt antagonists) or enhanced Wnt activity suppresses Six3 expression in the anterior neural plate, producing the effects mentioned above. Moreover, absence of Six3 (as occurs in knockout mice) produces agenesis of the secondary prosencephalon, including the telencephalon, eye field, and hypothalamus, while the diencephalon proper is expanded rostrally [Lagutin et al., 2003] . Together, all of these data clearly support that the diencephalon proper and the secondary prosencephalon constitute two distinct transversal subdivisions of the forebrain and that the hypothalamus, classically considered part of the diencephalon together with the thalamus, develops in a separate domain rostral to the latter ( fig. 1 ).
As explained below in more detail, the amygdala develops in the alar plate of the secondary prosencephalon and includes at least telencephalic and hypothalamic neurons. It was first described as an almond-shape structure in the temporal lobe of the cerebral hemispheres in humans, and a corresponding structure was later found in the caudolateral telencephalon of other mammals, such as rodents [Swanson and Petrovich, 1998 ]. However, its location and extension in sauropsids has remained highly controversial [reviewed in Striedter, 1997; Puelles, 2001b; Jarvis et al., 2005; Martínez-García et al., 2007; Medina and Abellán, 2009] . A large amount of developmental data published in recent years has provided highly interesting information on the embryonic and molecular identity of amygdalar components in mammals [Puelles et al., 2000; Medina et al., 2004; Remedios et al., 2004; Tole et al., 2005; Hirata et al., 2009; Soma et al., 2009; García-Moreno et al., 2010; Waclaw et al., 2010; Bupesh et al., 2011a, b] . Little by little, similar information is being collected in other vertebrates, and these data are becoming essential for understanding the development and evolution of this structure. These data will be reviewed in the following sections.
Development and Evolution of the Amygdala
The Amygdala in Mammals: Pallial versus Subpallial Parts Almost a century ago, the Swedish embryologist Nils Holmgren proposed that the mammalian amygdala consists of pallial and subpallial parts which represent the caudal poles of the two major embryonic divisions of the telencephalon [Holmgren, 1925] . This initial proposal has been confirmed by recent developmental data, mostly in the mouse, that include differential expression of transcription factors and other regulatory proteins that distinguish the pallium from the subpallium ( fig. 2 ) [Puelles et al., 2000; Medina et al., 2004; García-López et al., 2008] and genetic and experimental fate maps of pallial or subpallial progenitor domains [Hirata et al., 2009; Soma et al., 2009; Waclaw et al., 2010; Bupesh et al., 2011a, b] . This proposal also agrees with and provides and explanation for the differences found in neurochemistry and connections of pallial versus subpallial parts of the amygdala, which showed that pallial parts are similar to the cerebral cortex, while subpallial parts resemble the basal ganglia [Alheid and Heimer, 1988; Swanson and Petrovich, 1998 ]. Some of these differences are explained in more detail below. Pallial Amygdala in Mammals Based on the combinatorial expression of the mRNA of transcription factors and other regulatory proteins typical of the pallium, such as Neurogenin 2, Emx1, and Tbr1, the basal amygdalar complex and the cortical amygdalar areas were proposed to derive from ventral and lateral pallial sectors [Puelles et al., 2000; Medina et al., 2004] , and this has been shown by genetic and experimental fate maps [Gorski et al., 2002; Hirata et al., 2009; Soma et al., 2009; Waclaw et al., 2010; Bupesh et al., 2011a] . Neurogenin 1/2 [Wullimann and Mueller, 2004; Osorio et al., 2010] and Tbr1 [Hevner et al., 2001] appear to be involved in the generation or differentiation, respectively, of glutamatergic cells, which explains why most neurons in the basal amygdalar complex and cortical amygdalar areas, like those in other parts of the pallium, are glutamatergic and show excitatory projections [McDonald, 1996; Swanson and Petrovich, 1998; Medina and Abellán, 2009] . In particular, the ventral pallium -characterized by distinct expression of Dbx1 (in addition to Pax6 and Lhx2) but a lack of Emx1 in the ventricular zone, and by expression of Tbr1, Ngn2, Lhx2, Lhx9, and semaphorin 5A in the mantle ( fig. 2 ) -was proposed to be a major source of neurons for part of the basal amygdalar complex (including at least the lateral and basomedial nuclei), the anterior and posteromedial cortical amygdalar areas, and layer 1 of the nucleus of the lateral olfactory tract [Puelles et al., 2000; Medina et al., 2004; Tole et al., 2005; García-López et al., 2008; ( fig. 3 ). Most of this proposal has recently been shown by genetic and experimental fate maps [Hirata et al., 2009; Waclaw et al., 2010; Bupesh et al., 2011a] . However, data from a Dbx1 lineage fate map [Waclaw et al., 2010] suggest that part of the basolateral nucleus (perhaps its anterior subdivision or at least many of its cells) of the basal amygdalar complex may also derive from the ventral pallium ( fig. 3 ) .
Interestingly, data on expression of Tbr1 and Lhx9 and recent experimental fate mapping indicate that the ventral pallium also produces some cells for the medial amygdala ( fig. 2 ) [García-López et al., 2008; Bupesh et al., 2011a] , a nucleus typically considered part of the subpallial amygdala based on neurochemistry, connections, and developmental data (see next section). It is likely that pallial-derived neurons of the medial amygdala are glutamatergic. These and other data explained below provide a new view of the medial amygdala as a mosaic-like structure with neurons of multiple embryonic origins [García-López et al., 2008; Bupesh et al., 2011a ] which need to be considered when comparing with other vertebrates for analysis of amygdalar evolution.
On the other hand, the lateral pallium is characterized by expression of Emx1, Pax6, and Lhx2 in the ventricular zone, and Emx1, Tbr1, and Cadherin 8 in the mantle; based on this pattern it was proposed that the basolateral amygdalar nucleus and the posterolateral cortical amygdalar area may derive from this lateral pallial sector [Puelles et al., 2000; Medina et al., 2004] . As noted above, recent data from a Dbx1 lineage fate map [Waclaw et al., 2010] suggest that the anterior part of the basolateral nucleus may derive from the ventral pallium, leaving only the posterior and ventral subdivisions of this nuclear complex as putative lateral pallial derivatives ( fig. 3 ). In addition, genetic fate mapping and other data indicate that a subpopulation of neurons within the ventral pallial amygdala or adjacent amygdalar areas (such as the nucleus of the lateral olfactory tract) appear to originate from Emx1-lineage pallial progenitors, perhaps from the lateral pallium [Puelles et al., 2000; Gorski et al., 2002; Medina et al., 2004] or the dorsal pallium [Remedios et al., 2007] .
Moreover, the pallial amygdala (basal amygdalar complex and cortical amygdalar areas) also contains minor subpopulations of GABAergic interneurons, cocontaining different calcium-binding proteins or neuropeptides [Berdel and Morys, 2000; Kemppainen and Pitkänen, 2000; McDonald and Mascagni, 2001; Muller et al., 2003; Legaz et al., 2005] , which originate in the subpallium [Legaz, 2006; Bupesh et al., 2011a] . However, it is important to note that not all calcium-binding protein-containing neurons of the pallial amygdala are GABAergic interneurons. For example, there is a minor subpopulation of calbindin neurons in the pallial amygdala that do not contain GABA [Kemppainen and Pitkänen, 2000] and originate in the pallium [Bupesh et al., 2011a] .
Subpallial Amygdala in Mammals Based on gene expression patterns, genetic fate maps, and migration assays, it has been proposed that the subpallial amygdala in mammals includes the central and intercalated amygdalar nuclei, the anterior amygdala, and a large part of the medial amygdala ( fig. 2 ) [Puelles et al., 2000; Medina et al., 2004; García-López et al., 2008; Hirata et al., 2009; Soma et al., 2009; Waclaw et al., 2010; Bupesh et al., 2011a] . Most neurons in the subpallium, including those of the subpallial amygdala, and their projections are GABAergic [Swanson and Petrovich, 1998 ], and this is explained by the expression in this domain during the development of regulatory genes involved in the generation and differentiation of GABAergic neurons, such as Mash1 and Dlx1/2/5 [Anderson et al., 1999; Stühmer et al., 2002a, b; Wullimann and Mueller, 2004; Cobos et al., 2005a, b; Long et al., 2009; Osorio et al., 2010] . Recent data indicate that the 3 major subdivisions of the subpallium, i.e. striatal, pallidal, and preoptic, contribute neurons to the amygdala [García-López et al., 2008; Hirata et al., 2009; Waclaw et al., 2010; Bupesh et al., 2011a] .
Striatal Amygdala. The striatal subdivision (lateral ganglionic eminence; LGE) is characterized by ventricular/subventricular zone expression of Dlx1/2 but a lack of Nkx2.1, and by expression of Dlx5 in the subventricular zone and mantle ( fig. 2 ). Based on these features, the central amygdalar nucleus, the intercalated nuclei, and the dorsal part of the anterior amygdala appear to represent LGE derivatives García-López et al., 2008] . In the mouse, the LGE appears to show a dorsal subdivision characterized by production of postmitotic cells expressing Pax6, and a ventral subdivision characterized by expression of Islet1 in the subventricular zone and mantle [Puelles et al., 2000; Stenman et al., 2003; Flames et al., 2007] . Based on the expression of Pax6 and fate mapping, it appears that many neurons of the central amygdala originate in the dorsal LGE [Puelles et al., 2000; Bupesh et al., 2011b] , and this appears to be true for the intercalated cells as well [Kaoru et al., 2010] . On the other hand, based on a genetic fate map of Islet1, many neurons of the central amygdala also originate in the ventral LGE [Waclaw et al., 2010; Bupesh et al., 2011b] . Central and intercalated nuclei of the amygdala are involved in the control of ingestion and fear responses by way of projections to specific nuclei of the hypothalamus and brainstem [Swanson, 2000; Paré et al., 2004] . However, it is unclear what specific role each distinct cell group of the central/intercalated amygdala may play.
Pallidal Amygdala. The pallidal subdivision (medial ganglionic eminence; MGE) shows ventricular and/or subventricular zone expression of the transcription factors Nkx2.1 and Lhx6, but its ventricular zone does not express the regulatory protein Sonic hedgehog (Shh); it also shows expression of Lhx6 in the mantle ( fig. 2 ) [Flames et al., 2007; García-López et al., 2008] . Based on expression profiles and data from migration assays, the ventrocaudal MGE subdivision (MGEvc, previously named or included as part of the anterior peduncular area; fig. 2 ) appears to be the major source for the neurons of the posterodorsal medial amygdala and many neurons of the anterior medial amygdala [García-López et al., 2008; Bupesh et al., 2011a] . The Lhx6-expressing neurons of the medial amygdala receive olfactory input (from main and/or accessory olfactory bulbs) and appear to play a role in reproduction control by way of direct and indirect projections to hypothalamic centers involved in reproduction [Choi et al., 2005; García-López et al., 2008] . Preoptic Amygdala. The preoptic subdivision of the subpallium is characterized by ventricular expression of both Nkx2.1 and Shh ( fig. 2 ) [Flames et al., 2007; García-López et al., 2008] but also shows expression of other transcription factors such as Dbx1 [Hirata et al., 2009] . Based on gene expression profiles, migration assays, and genetic fate maps, the preoptic area has been shown to produce cells for the medial amygdala [García-López et al., 2008; Hirata et al., 2009; Carney et al., 2010; Bupesh et al., 2011a ]. It appears that the neurons originate specifically in the commissural preoptic subdivision [Bupesh et al., 2011a] and that neurons reach primarily the anterior and posteroventral amygdala, where Shh-expressing and Dbx1-lineage cells are principally found ( fig. 2 ) [for Shh see García-López et al., 2008;  for Dbx1 see fig. 6 in Hirata et al., 2009, and fig. 1 in Waclaw et al., 2010] . According to the data from Hirata et al. [2009] , many of the Dbx1 lineage neurons of the medial amygdala contain nitric oxide synthase (NOS) and may represent projection neurons [see discussion in Bupesh et al., 2011a] . The posteroventral part of the medial amygdala has been involved in defense control [Swanson, 2000] . However, since the posteroventral and particularly the anterior part of the medial amygdala contain cells from several origins, it would be important to know the specific connections of each particular neuron subtype.
The Medial Amygdala of Mammals Also Contains a Subpopulation of Extratelencephalic Neurons Based on expression of the transcription factors Otp and Lhx5, the medial amygdala of the mouse was proposed to include an important neuron subpopulation derived from the supraoptoparaventricular domain of the alar hypothalamus (SPV) ( fig. 2 ) [Bardet et al., 2008; Abellán et al., 2010 ; see also previous proposal of Rubenstein, 2003, and discussion in García-López et al., 2008] . This domain produces the paraventricular and supraoptic hypothalamic nuclei, which are the major sources of the hypothalamo-hypophysial axis, and Otp and Sim1 have been found to be essential for the development of these centers [Michaud et al., 1998; Wang and Lufkin, 2000] . Based on analysis of cells expressing Otp and Lhx5 during development, some cells produced in the SPV appear to extend tangentially into the telencephalon to invade the medial amygdala and other parts of the medial extended amygdala [Bardet et al., 2008; Abellán et al., 2010] . This has been confirmed recently by experimental fate maps [García-Moreno et al., 2010; Bupesh et al., 2011a] and analysis of Otp-knockout mice in which SPV-derived cells appeared to decline in the medial amygdala and medial bed nucleus of the stria terminalis (BST) [Wang and Lufkin, 2000; García-Moreno et al., 2010] . Based on correlation with vesicular glutamate transporter 2 (a marker of glutamatergic cells), it seems likely that SPV-derived cells of the medial amygdala are glutamatergic and their projections excitatory [Abellán et al., 2010; García-Moreno et al., 2010] . However, the connections and function of this specific subset of medial amygdalar neurons are unknown. Since the SPV appears to produce vasopressin (AVP) and oxytocin (OT) containing neurons of the paraventricular hypothalamic nucleus [Michaud et al., 1998; Wang and Lufkin, 2000] , it is possible that AVP-and/or OT-expressing cells of the medial extended amygdala (including the medial BST and medial amygdala) also derive from SPV. These neurons of the medial extended amygdala have been involved in several aspects of social behavior [Cushing and Kramer, 2005] . Interestingly, neurons of this system are responsive to gonadal steroids and appear related to sex differences in some social behaviors and functions [de Vries and Miller, 1998 ].
Understanding the Amygdalar Mosaic in Mammals As noted above, the amygdala of mammals is a highly complex and mosaic-like structure in terms of neuronal subtypes, molecular and neurochemical profiles, and connections [Alheid and Heimer, 1988; Swanson and Petrovich, 1998; Remedios et al., 2004] . The reason for this complexity is beginning to be elucidated thanks to developmental studies which have shown that the amygdala contains neurons that originate in multiple progenitor sectors, including at least 2 pallial, 3 subpallial, and 1 hypothalamic embryonic domain ( fig. 2 ) . It is also possible that some cells of the extended amygdala originate in the thalamic eminence [Puelles et al., 2000; Abellán et al., 2010] , but this requires further investigation. The developmental regulatory genes expressed by each specific set of progenitor cells, the downstream genes expressed by the descendant cells during development, and the molecular environmental signals found during migration condition the differentiation and final fate of each set of amygdalar neurons. All of these factors need to be taken into consideration when comparing with other vertebrates and trying to understand amygdalar evolution.
The Amygdala in Sauropsids and Amphibians and Some Conclusions on the Evolution of the Amygdala in Tetrapods
The first question we need to consider is whether the same embryonic domains (progenitor zones) that produce the amygdala in mammals are present in other tetrapods, including sauropsids and amphibians. The answer to this question is yes, at least for the major domains, but next we would need to consider the existence of the comparable subdomains. The next question to analyze is whether all of these major domains/subdomains in nonmammalian tetrapods produce amygdalarlike neurons comparable to those of mammals. We would also need to consider whether the same set of developmental regulatory genes that are involved in regional/ progenitor specification, neurogenesis, migration, and differentiation of amygdalar neurons that are found in mammals are also found in other vertebrates. The answers to these questions are not simple and will be discussed in the following paragraphs, considering pallial, subpallial, and hypothalamic parts separately. However, we must say that all of our conclusions are still tentative since detailed developmental data relevant to the amygdala are only available for extremely few species of tetrapods, the mouse Mus musculus, the chicken Gallus gallus domesticus, the turtles Emys orbicularis and Pseudemys scripta , the anuran Xenopus laevis, and the urodele Pleurodeles waltl (but turtle and urodele data are still quite scarce).
Pallial Amygdala in Sauropsids and Amphibians
In spite of the different morphological aspect in adults, the embryonic telencephalon of sauropsids and amphibians exhibits the same two major divisions that are present in that of mammals, i.e. pallium and subpallium, and this is considered to be the ancestral condition in tetrapods [reviewed by Striedter, 1997] . The existence of these two major divisions in the telencephalon of nonmammalian tetrapods is supported by fate mapping studies in chickens [Striedter et al., 1998; Cobos et al., 2001; Pombero and Martinez, 2009] and by their distinct gene expression patterns during development and inferred cellular derivatives ( fig. 3-5 ; see next section). Data on expression of transcription factors and other regulatory proteins (or their mRNA) during development indicate that the pallium and subpallium are also characterized by the same basic combinatorial molecular codes in sauropsids, amphibians, and mammals. As in mammals, the ventricular zone of the pallium in chickens, turtles, and the anuran Xenopus expresses during development Pax6, Emx1, and Lhx2, but not Dlx/Distal-less transcription factors, while the pallial mantle is characterized by Emx1, Tbr1, and Tbr2 (Eomes) ( fig. 3-5 ) [Fernandez et al., 1998; Bulfone et al., 1999; Puelles et al., 2000; Bachy et al., 2002; Brox et al., 2004; Moreno et al., 2004 Moreno et al., , 2010 . The pallium in Xenopus also expresses Neurogenin-related genes [Wullimann et al., 2005] , but no data exists in avian or reptilian brains. The pallium in nonmammalian tetrapods is enriched with neurons expressing glutamaterelated markers [Fowler et al., 1999; Medina and Abellán, 2009] , suggesting that Tbr1 and Ngn1/2 may play a similar role in the differentiation of these neurons in the pallium of all tetrapods.
At least 4 pallial subdivisions are present in the tetrapod species studied, and in all of them there is a ventral pallial sector characterized by a lack of ventricular expression of Emx1, and strong expression of Tbr1 and Tbr2, but in general only few Emx1-expressing cells in the mantle ( fig. 3-5 ) [Fernandez et al., 1998; Puelles et al., 2000; Brox et al., 2004; . Importantly, these data support that the sauropsidian dorsal ventricular ridge (DVR; which includes the nidopallium, mesopallium, and arcopallium in birds [Reiner et al., 2004] ), considered by some authors to contain cell groups comparable to specific cells of the lateral neocortex based on the general topographic position and similarity of connections [Karten, 1997; Jarvis et al., 2005; Butler et al., 2011] , derives from the lateral and ventral pallial sectors, which means that the DVR cannot be considered comparable to any part of the neocortex since the latter is a derivative of the dorsal pallium [Puelles et al., 2000 Puelles, 2001b Puelles, , 2011 ]. The conclusion that the sauropsidian DVR derives from the lateroventral pallium while the mammalian neocortex derives from the dorsal pallium (implying that they are not homologous) is also supported by topological analysis that considers the internal coordinates of the neural tube and the relative position of radial domains; these remain invariant throughout development and across species sharing the same Bauplan [Striedter, 1997 [Striedter, , 2005 Puelles, 2001a Puelles, , b, 2011 Puelles and Medina, 2002; Medina, 2007a, b; Puelles et al., 2007; Medina and Abellán, 2009] .
In initial studies based on genoarchitecture (with emphasis on the presence or relative abundance of Emx1-expressing cells), it was proposed that lateral and ventral pallial sectors of sauropsids and amphibians contain caudal extensions that may include amygdalar derivatives [Puelles et al., 2000; Brox et al., 2004] . However, more recent analysis based on combinatorial expression of genes that distinguish the lateral pallium (such as FoxP1 [Teramitsu et al., 2004; Sandoval, 2011] ) from the ventral pallium (such as Dachsund-2 [Szele et al., 2002; Sandoval, 2011] , and Lhx2 and Lhx9 ), in combination with morphological landmarks and topology, suggest that the lateral pallium of sauropsids is smaller than previously thought and does not reach caudal aspects of the DVR. It appears that Dachsund-2 is strongly expressed in most of the ventral pallium (including the frontal, intermediate, and caudal nidopallium Sandoval, 2011] ), while Lhx2 and Lhx9 are expressed in the caudal part of the ventral pallium (including the caudal nidopallium and arcopallium plus some superficial olfactorecipient areas ; fig. 3 , 4 ) . Interestingly, the caudal aspect of the ventral pallium of the frog Xenopus is also characterized by expression in the mantle of the transcription factors Lhx2 and Lhx9 [Moreno et al., 2004] . Therefore, this is a common feature in mice, chickens, and Xenopus ( fig. 3 , 4 ) [Moreno et al., 2004; Tole et al., 2005; García-López et al., 2008; . More importantly, in these different tetrapods, the caudal part of the ventral pallium expressing Lhx2 and Lhx9 is specifically related to the ventral pallial amygdala [Moreno et al., 2004; Tole et al., 2005; García-López et al., 2008; ( fig. 3 ,  4 ) . In general, in the species studied the ventral pallial amygdalar area receives olfactory and thalamic (primarily multimodal) input, is reciprocally connected with other parts of the pallium, projects to the subpallium (including the septum, striatum, and subpallial amygdala) and hypothalamus, and is considered an associative center that modulates reward responses, attention, and associative learning of emotionally relevant events [for reviews see Moreno and González, 2006; Martínez-García et al., 2007; Medina and Abellán, 2009] . However, although this general ventral pallial amygdalar area of different tetrapods (including a large part of the basal complex and cortical areas of the amygdala in mammals and the caudal part of the DVR and some superficial olfactory areas in sauropsids) can be considered homologous as a field, we should not try to find one-to-one correspondences of specific nuclei or areas. Obviously, the ventral pallial amygdalar area was likely small in the last common ancestor of tetrapods, perhaps resembling that observed in modern amphibians, but this general area has become quite large and complex in mammals and sauropsids, showing distinct group-and species-specific specializations. An example is the exquisite control of vocalization by the ventral pallial amygdala that is present in songbirds and budgerigars [reviews by Martínez-García et al., 2007; .
Regarding a lateral pallial contribution to the amygdala comparable to that described in mammals, although it was once proposed to also exist in nonmammalian tetrapods based on high expression of Emx1 [Puelles et al., 2000; Brox et al., 2004; reviewed in Martínez-García et al., 2007] , current knowledge suggests that a similar contribution may not be present in amphibians [Moreno and González, 2006] or possibly in chickens or other sauropsids ] (see previous paragraph for details) ( fig. 3 ) . Nevertheless, there is still some controversy regarding the origin of a dorsocaudal part of the pallium of the chicken, considered by Puelles et al. [2007] to be a caudal part of the lateral pallium; they called this region the caudal dorsolateral area (CDL). In support of this, the CDL shows high expression of Emx1 during development, as seen in fig. 10n of Puelles et al. [2000] . However, this area is proposed by us to represent a separate subdomain of the ventral pallium (similarly to the caudal nidopallium and arcopallium) based on its expression of Lhx2/Lhx9 (it is called the caudal dorsolateral pallium or DLP by ). In frontal sections, the CDL/DLP ventricular zone starts to be visible caudal to the mesopallium, thus being adjacent to that of the nidopallium. The caudal part of the DVR in chickens also contains abundant Emx1-expressing cells (which concentrate in parts of the caudal nidopallium and arcopallium), and based on this the caudal DVR was initially thought to include a lateral pallial part [Puelles et al., 2000] . One possible explanation for the abundance of Emx1-expressing cells in the caudal aspect of the sauropsidian DVR is that these cells immigrate from the lateral pallium or dorsal pallium (although no experimental evidence exists yet for this). As noted above, the ventral pallial amygdala and adjacent areas of mammals also receive abundant Emx1 lineage cells from the lateral and/or dorsal pallium [Gorski et al., 2002; Remedios et al., 2007] , and this also occurs in the ventral pallial amygdala of Xenopus [Brox et al., 2004] . Another possibility is that the caudal aspect of the ventral pallium (including the caudal DVR in sauropsids) is partially different. This is not so strange if we considered that the very rostral pole of the ventral pallium (including the olfactory bulb) is also special and different from the central parts (including the nidopallium), showing abundant expression of Emx1, Lhx2, and Lhx9 in postmitotic cells, but not Dachsund-2 [Puelles et al., 2000; Sandoval, 2011] . This resembles the situation in the caudal DVR (and in the CDL/DLP). On the other hand, the olfactory superficial area of the lateral pallium, which typically reaches the superficial cortical area of the lateral pallial amyg- , a teleost fish (the zebrafish), an amphibian (the anuran Xenopus ), a sauropsid (the chicken), and a mammal (the mouse). Some of the developmental regulatory genes that characterize each division are shown. Note that Dlx/Distal-less is expressed in the whole subpallium (including striatal, pallidal, and preoptic subdivisions) in all vertebrates but for simplicity is only shown in the striatal subdivision. Also note the changes in the embryonic expression of Nkx2.1 during evolution, which may be related to evolutionary changes in the forebrain, also involving the amygdala. See text for more details. For abbreviations see list.
dala in mammals, appears to be missing in birds [Reiner and Karten, 1985; Striedter et al., 1998 ; discussed by . However, this appears to be a derived condition in birds in which the olfactory system is greatly reduced (with the vomeronasal component absent) compared to the ancestral condition in tetrapods [Reiner and Karten, 1985] .
Subpallial Amygdala in Sauropsids and Amphibians Similarly to that of mammals, the subpallium in sauropsids and amphibians studied thus far is characterized by expression of Mash-related and Dlx/Distal-less regulatory genes, but lacks Emx1 and Tbr1/Tbr2 expression, and this correlates well with its high density of GABAergic neurons ( fig. 3-5 ) [Ferreiro et al., 1993; Jasoni et al., 1994; Fernandez et al., 1998; Puelles et al., 2000; Bachy et al., 2002; Brox et al., 2003; Wullimann and Mueller, 2004; Moreno and González, 2007b; Moreno et al., 2009; Osorio et al., 2010] . Based on gene expression patterns, 3 major subdivisions, i.e. striatal, pallidal, and preoptic, are also present in the sauropsidian and amphibian subpallium during development [Fernandez et al., 1998; Puelles et al., 2000; Bachy et al., 2002; González et al., 2002a, b; Brox et al., 2003; van den Akker et al., 2008; Moreno et al., 2009 . These striatal, pallidal, and preoptic subdivisions of sauropsids and amphibians are comparable, respectively, to the LGE, MGE, and preoptic subdivisions described in the subpallium of mammals, and are characterized by the same basic combinatorial codes of transcription factors that are found in mammals; moreover, as explained next, they also produce cell groups comparable to their counterparts in the centromedial amygdala of mammals ( fig. 3-5 ) .
Striatal Amygdala. The striatal subdivision shows ventricular expression of Pax6 and Dlx/Distal-less, but not Emx1 or Nkx2.1, and expresses Pax6 and Islet1 in the subventricular zone and/or mantle ( fig. 3-5 ) [Fernandez et al., 1998; Puelles et al., 2000; Bachy et al., 2002; González et al., 2002a, b; Brox et al., 2003 Brox et al., , 2004 Moreno et al., 2008a, b; . Similarly to the mouse, in chickens and turtles there is a dorsal striatal subdomain that appears to be involved in producing Pax6 postmitotic neurons, including a neuron subset that reaches the amygdala ( fig. 3 , 4 ) [Puelles et al., 2000; . However, in the anuran Xenopus, the dorsal part of the striatal division does not show ventricular expression of Pax6 and does not seem to produce Pax6 cells for the amygdala ( fig. 3 ) [Moreno et al., 2008b . The ventral striatal subdivision is characterized by subventricular/mantle expression of Islet1 in all tetrapods studied ( fig. 3 , 4 ) [Stenman et al., 2003; Flames et al., 2007; Moreno et al., 2008a; , and at least in mouse and Xenopus this ventral striatal sector produces cells for the central amygdala [Moreno et al., 2008a; Waclaw et al., 2010; Bupesh et al., 2011b] . Using these general criteria, combined with previous neurochemical and hodological data, the striatal part of the amygdala (sometimes referred to as the 'central amygdala' or 'central extended amygdala') has been identified in amphibians [Moreno et al., 2008a [Moreno et al., , 2009 and sauropsids [Puelles et al., 2000; Moreno et al., 2010] ( fig. 3 , 4 ) . Therefore, it seems that the cellular composition of the identified 'central amygdala' is a little different in different tetrapods since it includes Pax6-expressing cells (derived from the dorsal striatal subdomain) in mice and sauropsids, but not amphibians, and Islet1-expressing cells (from the ventral striatal subdivision) in mice and amphibians, but data in sauropsids are unclear [Puelles et al., 2000; Moreno et al., 2008a Moreno et al., , b, 2010 Waclaw et al., 2010; Bupesh et al., 2011b] . Similarly to that of mammals, the striatal amygdala in sauropsids and amphibians receives gustatory/visceral input from the parabrachial and solitary nuclei of the brainstem, projects to hypothalamic and brainstem centers involved in control of ingestion and autonomic nervous system, and appears related to fear/anxiety and escape behaviors [reviewed by Moreno and González, 2006; Martínez-García et al., 2007] .
Pallidal and Preoptic Amygdala. In sauropsids and amphibians, the pallidal subdivision is characterized by ventricular and/or subventricular expression of Dlx/Distal-less, Nkx2.1, Lhx6, and/or Lhx7/8 transcription factors and the absence of Pax6 and Shh at the ventricular zone level [Fernandez et al., 1998; Puelles et al., 2000; Bachy et al., 2002; , while the preoptic subdivision expresses Dlx/ Distal-less, Nkx2.1, Lhx6, Lhx7/8, Islet1, and Shh in the ventricular and/or subventricular zone [Moreno et al., 2008a Dominguez et al., 2010] ( fig. 3-5 ) . The only exception is Lhx6 in amphibians since no published data have been found. As noted above, based on these criteria many neurons of the medial amygdala of mammals were proposed to originate either in the pallidal subdivision or the preoptic subdivision [García-López et al., 2008] , which was later shown by fate mapping analysis [Hirata et al., 2009; Waclaw et al., 2010; Carney et al., 2010; Bupesh et al., 2011a] . The use of these criteria has also helped to support the identification of a 'medial amygdala' in sauropsids Moreno et al., 2010] and amphibians [Moreno et al., 2008a] ( fig. 3 , 4 ) , the homology of which was previously proposed based on neurochemical, hodological, and some functional data [Reiner et al., 2004; Yamamoto et al., 2005 ; reviews by Moreno and González, 2006; Martínez-García et al., 2007] . The 'medial amygdala' identified in different species receives olfactory input and projects to hypothalamic centers involved in reproduction and agonistic behavior [review by Martínez-García et al., 2007] . Interestingly, based on the expression of Nkx2.1, Lhx6, and Shh, it has been proposed that the 'medial amygdala' of birds includes a mixture of pallidal and preoptic neurons and may be comparable to the anterior medial amygdala of mammals, where both types of cells are intermingled . Moreover, this avian nucleus, previously called the nucleus taenia of the amygdala, is rather small and does not receive vomeronasal input since this system has undergone regression in birds [Rei-ner et al., 2004; Yamamoto et al., 2005] . On the other hand, the 'medial amygdala' of amphibians contains Nkx2.1-expressing pallidal derived neurons [Moreno et al., 2008a] but appears to lack Shh-expressing preoptic neurons [Dominguez et al., 2010] . Moreover, the density of Nkx2.1 cells or other subpallial marker genes in the Xenopus 'medial amygdala' is low or moderate [Brox et al., 2004; Moreno et al., 2008a] , suggesting the presence of cellular components from different embryonic sources, such as pallial and hypothalamic, as is true for the medial amygdala in mice, chickens, and turtles [Bardet et al., 2008; García-López et al., 2008; Abellán et al., , 2010 Moreno et al., 2010; Bupesh et al., 2011a] . In fact, some data suggest the presence of cells showing pallial marker gene expression (Lhx9 [Moreno et al., 2004; Brox et al., 2004] ) or hypothalamic SPV gene expression (Otp [Bardet et al., 2008] ) in the 'medial amygdala' of anurans. This will be discussed in more detail in the following sections.
Is There a Hypothalamic Contribution to the Amygdala in Sauropsids and Amphibians? As noted above, the medial amygdala of mammals contains an important subpopulation of neurons that originate in the SPV domain of the alar hypothalamus, and these neurons are characterized by expression of the transcription factors Otp and Lhx5 [Bardet et al., 2008; Abellán et al., 2010; García-Moreno et al., 2010; Bupesh et al., 2011a] . The SPV domain, showing the same molecular attributes, appears to contribute neurons to the 'medial amygdala' or 'medial extended amygdala' in chickens, turtles, and anurans ( fig. 3 , 4 ) [Bardet et al., 2008; Moreno et al., 2010] . In the mouse and the turtle, the SPV-derived neuron subpopulation that expresses Otp penetrates the caudal telencephalic vesicle and intermingles with subpallial neurons of the medial amygdala. However, in the chicken and the anuran Rana perezi, the SPV-derived subpopulation appears to reach only very caudal aspects of the telencephalon [Bardet et al., 2008] , and it is not clear whether it overlaps all mediolateral parts of the subpallial 'medial extended amygdala' or only the medial BST (which also receives SPV-derived neurons in the mouse [Abellán et al., 2010; García-Moreno et al., 2010; Bupesh et al., 2011a] ). The medial BST, but not the 'medial amygdala', of chickens and Xenopus contains vasotocin-immunoreactive cells [González and Smeets, 1992; Jurkevich et al., 1999] which as in mammals may have an SPV origin. Similarly to those of mammals, vasotocin cells of avian medial BST are sex steroid responsive and show sexual dimorphism that appears to be related to differences in the sexual behavior of males and females [Jurkevich et al., 1999; Panzica et al., 2001 Panzica et al., , 2002 ]. This appears to be similar in amphibians as well [Boyd, 1997] . Based on correlation with glutamate marker genes, it appears that SPV-derived cells that invade the medial extended amygdala in mammals and nonmammals are glutamatergic [Abellán et al., 2010] .
Some Conclusions on the Development and Evolution of the Amygdalar Mosaic in Tetrapods Based on data obtained in a few representative species of mammals, sauropsids (including birds and reptiles), and amphibians, the amygdala in tetrapods is a mosaiclike structure that includes at least pallial, subpallial, and hypothalamic components, and these are characterized by the same basic combinations of developmental regulatory genes. However, the following differences are observed:
(1) In mammals, the pallial part of the amygdala (basal complex and cortical areas) includes lateral pallial and ventral pallial subdivisions, but only the ventral pallial component (mostly characterized by expression of both Lhx2 and Lhx9) may be present in sauropsids and amphibians ( fig. 3 ; as explained above, the ventral pallial amygdala also appears to include a subpopulation of Emx1 lineage neurons in all tetrapods studied). The ventral pallial amygdala is quite large and elaborated in sauropsids, particularly in birds, which is in line with the general enlargement of the ventral pallium in this radiation [refer to Medina and Abellán, 2009 , for a discussion on possible developmental mechanisms behind the ex-pansion of the ventral pallium in sauropsids]. The enlargement and complexity of this general territory in birds (including the nidopallium and arcopallium) has been correlated with the acquisition of more sophisticated behavioral repertoires, including a sophisticated control of vocalization used in several social contexts such as territoriality and courtship [reviewed in Jarvis et al., 2005; Martínez-García et al., 2007] . In mammals, sauropsids, and amphibians, the ventral pallium also produces a subset of glutamatergic neurons for the medial amygdala, the specific connections and function of which are unknown. In this context, it is interesting to note that in mammals glutamatergic projections from the medial amygdala primarily target hypothalamic centers involved in agonistic behavior (fight/defense) [Choi et al., 2005] . However, glutamatergic neurons of the medial amygdala originate in either the ventral pallium or the hypothalamus (see below).
(2) In mammals, the striatal part of the amygdala (central and intercalated amygdalar nuclei and dorsal anterior amygdala) includes at least two components, one expressing Pax6 that derives from the dorsal striatal subdivision and another one expressing Islet1 that derives from the ventral striatal subdomain. While the ventral component may be present in all tetrapods (although more data are needed), the dorsal component is present in mammals and sauropsids but not amphibians. The Islet1-positive component of the striatal amygdala, which is present in amphibians, mice, and possibly sauropsids, appears to account for the typical connections and inferred function of the central amygdala, i.e. control of ingestion and relation to fear/anxiety and escape responses [Moreno and González, 2006] . However, the connections and function of the Pax6-expressing neurons are unknown, and this is important for understanding the meaning of this gain in evolution.
(3) In mammals, the pallidal part of the amygdala is characterized by expression of Nkx2.1 and Lhx6 and is involved in odor-guided reproductive behavior [Choi et al., 2005] . This pallidal subdivision appears to be present in all tetrapods studied, but its size is quite small in some sauropsids (such as the chicken). This may be a derived evolutionary condition in sauropsids with regression of the olfactory system, but we need to study other sauropsidian species with a highly developed olfactory system (e.g. lizards).
(4) In mammals, the preoptic part of the amygdala is characterized by expression of Shh and derives from Dbx1 preoptic progenitors. This part appears to be present in sauropsids, but a preoptic contribution to the amygdala in amphibians has been questioned [Dominguez et al., 2010] . Data in mammals indicate that preoptic neurons of the amygdala are GABAergic, and many of them are nitrergic [Hirata et al., 2009] . Nitrergic neurons are also present in the medial amygdala in anurans [Muñoz et al., 1996] , and perhaps the question requires further evaluation using other genetic markers or fate mapping. However, the specific connections and function of this cellular component are unknown, and the consequence of their putative gain in evolution unclear.
(5) In mammals, the hypothalamic SPV-derived part of the amygdala is characterized by expression of both Otp and Lhx5 ( fig. 3 ) . Based on the correlation of Otp with vasopressin/oxytocin [Wang and Lufkin, 2000] , the SPV-derived cells of the medial amygdala may include steroid-responsive neurons involved in sexually dimorphic aspects of social behavior, such as parental care or aggressive behavior. The SPV forebrain subdivision is present and appears to contribute cells to the amygdala in all tetrapods studied. However, the SPV contribution appears to be larger in mammals than in nonmammalian tetrapods (at least in the species studied). This may be at least partially related to the larger size of the SPV in mammals compared to other vertebrates. It appears that the embryonic size of the SPV domain increases in the absence of Nkx2.1 expression as a consequence of the severe reduction of the basal hypothalamus [Marin et al., 2002] . In relation to this, it is interesting to note that the expression of Nkx2.1 in the hypothalamus is more extensive in the anuran Xenopus than in the mouse and chicken, and the situation in Xenopus is likely similar to that in the last common ancestor of tetrapods (see blue striped area in the alar hypothalamus in Xenopus in fig. 5 [van den Akker et al., 2008] ). It also appears that Nkx2.1 hypothalamic expression has undergone a reduction from the ancestral condition in tetrapods to the avian and especially the mammalian radiation ( fig. 5 ), and this may have had as a consequence an enlargement of the SPV in mammals and birds [Medina, 2008a; van den Akker et al., 2008] .
Did the First Vertebrates Possess an Amygdala and, if So, How Was It?
The telencephalon, with pallial and subpallial divisions, has been described in the secondary prosencephalon in representative species of all vertebrates, including jawed and jawless fishes ( fig. 5 ) [Wilson and Rubenstein, 2000; Murakami et al., 2001 ; reviews by Medina, 2008a; Medina and Abellán, 2009; Moreno et al., 2009] . In all vertebrates, the telencephalon is specified by the transcription factor Foxg1 (previously known as BF1). Also, in all vertebrates the pallium is characterized by expression of Emx1, Pax6, and Ngn2, while the subpallium is characterized by expression of Dlx/Distal-less [Puelles et al., 2000; Murakami et al., 2001; Wullimann and Mueller, 2004; Medina, 2008a; Medina and Abellán, 2009; Moreno et al., 2009] . Moreover, the pallium of fishes includes a ventral pallial subdivision highly related to the olfactory input, and this was likely present in the first vertebrates. It is therefore possible that a caudal aspect of the olfactory ventral pallium of the first vertebrates gave rise to the ventral pallial amygdala, although it is unclear when this occurred and what triggered it. A putative ventral pallial amygdala has been identified in teleost fishes based on behavioral approaches [Portavella et al., 2004a, b; Portavella and Vargas, 2005] (identified in the medial part of the everted pallium of goldfish, the topological position of which resembles that of the tetrapod ventral pallium [Nieuwenhuys et al., 1998 ]; similarly to the ventral pallial amygdala of mammals, this pallial area of goldfish is involved in avoidance and emotional learning), and it appears to be present in lungfishes as well [González and Northcutt, 2009] . However, the subpallium in jawless fishes is completely striatal-like since it does not show any Nkx2.1-or Shh-expressing domain. The latter domain is first observed in teleost fishes, suggesting that the first vertebrates lacked a pallido-preoptic subpallial domain and this evolved with the first jawed fishes [Murakami et al., 2001; Medina et al., 2005; Osorio et al., 2005; Medina, 2008b; van den Akker et al., 2008] . Thus, if the subpallial amygdala had been present in the first vertebrates, it would have only included a striatal component, and at least part of it may have been related to control of ingestion and fear/escape behaviors, as in other vertebrates. In teleost fishes, gustatory pathways are well developed and reach the telencephalic pallium and subpallium [Folgueira et al., 2003] , including areas that are now considered to be part of the ventral pallium and striatum based on genetic markers [Mueller and Wullimann, 2009] . Therefore, these areas of teleost fishes receiving gustatory input resemble in this respect the ventral pallial and striatal amygdala of tetrapods. In agreement with this, these pallial and subpallial targets project to the hypothalamus and brainstem, including centers involved in ingestion control [Folgueira et al., 2004a, b] . Note that our claim does not exclude the possibility that part of the teleost ventral pallium or the striatum relate to other functional systems, such as the basal ganglia, as claimed by some authors [Medina, 2008b; Mueller et al., 2008] . Similarly to the situation in extant teleost fishes, it is possible that the telencephalon of the first jawed vertebrates may have included an amygdalar rudiment with ventral pallial and striatal components involved in ingestion control. It is also likely that these first jawed fishes already contained a pallido-preoptic domain, but it is unknown whether cells produced by this novel domain were already recruited for the medial amygdala. Nevertheless, the presence of a medial amygdala related to the vomeronasal system has recently been proposed in lungfishes [González and Northcutt, 2009 ]. However, this medial amygdala of lungfishes has been correlated to an area rich in Otp-expressing cells, which in tetrapods derives from the SPV. Perhaps, the SPV component was the initial part of the medial extended amygdala (perhaps including initially part of the BST), and later in evolution the pallidal and preoptic cells were incorporated into the whole medial extended amygdalar complex. Based on Otp expression, the SPV domain also appears to be present in teleost fishes [Eaton and Glasgow, 2007; Eaton et al., 2008] , but it is unknown whether it exists in jawless fishes.
Concluding Remarks: Major Steps in Amygdalar Development and Evolution
The amygdala is involved in functions and behaviors that are critical for survival, including control of the neuroendocrine system and homeostasis, reproduction and fear/escape behaviors, and emotional learning. It is likely that this important center was present in the origin of vertebrates and may have included 3 basic components: (a) 2 components related to chemosensory information located in the telencephalon, i.e. one pallial (ventral pallial) component mainly related to olfaction and one subpallial (striatal) component apparently receiving ascending gustatory inputs (these pallial and subpallial telencephalic components receiving olfactory and possibly gustatory information may have been important for ingestion, fear/ escape, and perhaps other aspects of social behavior) and (b) 1 steroid hormone-regulated component derived from the hypothalamic SPV and characterized by the transcription factor Otp (this SPV-derived component was likely important for the control of the hypothalamo-hypophyseal and neuroendocrine system, which plays a crucial role in homeostasis control and many aspects of social behavior). At least these 3 basic components are present in lungfishes and tetrapods, and apparently in teleost fishes, and they were likely present in the forebrain of the first jawed vertebrates if not before. The evolution of the first jawed vertebrates has been correlated with the appearance of a novel embryonic domain in the subpallium, the pallido-preoptic domain, characterized by expression of Nkx2.1, which surely involved the production of new cell types in the telencephalon (this appears to be correlated with the evolutionary origin of the pallidum and possibly with new interneurons that migrated tangentially to the striatum and pallium [Medina, 2008b] ). Eventually, some of those new neurons produced in the novel domain may have been recruited to be part of the amygdala, increasing the complexity of the amygdala and the repertoires of behaviors it controlled. It is unclear when this happened, but it seems clear that early tetrapods already had this characteristic since it is present in all extant tetrapods studied. During the evolution of tetrapods, the 4 major events that are worth noting are: (1) enlargement of the ventral pallium and thereby the ventral pallial amygdala in amniotes, particularly in sauropsids; (2) enlargement of the SPV domain in birds and especially mammals and an increase in its cellular contribution to the amygdala (particularly in mammals); (3) appearance of novel cellular components of the subpallial amygdala in amniotes (Pax6 cells from dorsal striatum, perhaps a distinct preoptic contribution), and (4) appearance of a novel cellular component of the pallial amygdala in mammals (from the lateral pallium). These gradual increases in complexity during evolution, with changes in every radiation, need to be further examined in order to understand how they contributed to improving amygdalar control of emotions and social behavior.
